regimens and technologies, ranging from complex polypharmacy to mechanical ventilators, may be increasing the residential population of medically fragile children who at any given moment are at an increased risk of death. 12, 13 Third, recent efforts to facilitate the delivery of pediatric palliative care or hospice may be enabling a larger percentage of terminally ill children to be cared for at home. 14 In combination, these 3 trends might be contributing to an increase in the number of deaths occurring at home, whether unexpected or anticipated.
Whereas a variety of studies have examined the place of death for adults who died due to medical diseases, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] population-level data regarding the place of death for children and young adults are thus far limited to 2 published studies. In Wisconsin between 1992 and 1996, of the 1538 infants whose deaths were attributed to either congenital anomalies or conditions of the perinatal period, 62 (4%) died at home. 30 In Washington State between 1980 and 1998, among children who died with an underlying complex chronic condition, the place of death (especially for infants) was predominantly the hospital but an increasing percentage were dying at home, rising to 41% among the children who died after their first birthday. 31 Additionally, this study found that a decedent's race and ethnicity, the geographic location of their home, and the local area level of income all affected the likelihood of a child dying at home, with poorer, black, and Hispanic children being more likely to die in the hospital than at home. 31 If confirmed to be a more general phenomenon, a significant shift in the site of death from the hospital to home (resulting from some combination of unexpected and anticipated deaths) would present several challenges to health care practice and policy. In both instances, ensuring that children living with lifethreatening diseases are receiving highquality care-whether this care seeks cure, life extension, or palliation-is imperative.
We conducted a retrospective national−level case series of all deaths attributed to a complex chronic condition that occurred before the decedents' 20th birthday in the United States between 1989 and 2003. We specifically sought to test the hypothesis that the percentage of complex chronic condition−related deaths occurring at home increased over the 15-year observation period.
METHODS

Data Sources and Variables
The Children's Hospital of Philadelphia Committee for the Protection of Human Subjects reviewed and approved the conduct of this study. We used National Center for Health Statistics Multiple Cause of Death Files compiled from national death certificate data for all deaths between 1989 and 2003, restricted to only those individuals who died between birth and their 20th birthday. The files included data regarding decedents' age (classified as birth to Ͻ1 year, 1-9 years, 10-19 years), sex, race (classified as white, black, or other), Hispanic ethnicity, state of residence (classified into the 4 major geographic regions defined by the US Census), underlying cause of death identified with International Classification of Diseases, Ninth Revision (ICD-9) (1989-1998) or ICD- 10 (1999-2003) codes, and place of death (reclassified into 3 major categories of home residence; hospital, clinic, or medical center; and all other places). Data regarding place of death were excluded for 2622 decedents who died with underlying complex chronic conditions in either of 2 states during the years 1989-1990 or 1 state during the years 1989-1996 because of concerns regarding coding of the place of death. For the 2.2% of decedents in the sample who were missing data regarding Hispanic ethnicity, we imputed the missing values on the basis of a multivariate technique (implemented using the Statabased ice and micombine programs 32, 33 ), fitting a sequence of 5 regression models that imputed the missing value and combining the resulting data sets to perform the regression models described in "Statistical Analyses."
Case Selection and Classification
Complex chronic conditions were defined as medical conditions that can be reasonably expected to last at least 12 months (unless death intervenes) and that involve either several different organ systems or 1 organ system severely enough to require specialty pediatric care and probably some period of hospitalization in a tertiary care center. To identify whether an individual died from a complex chronic condition, we used our previously published classification scheme based on ICD-9 codes, which assigns diagnoses to 1 of 9 categories: neuromuscular, cardiovascular, pulmonary, renal, gastrointestinal, hematologic/ immunologic, metabolic, malignancy, and genetic/other congenital defect conditions. 31, 34 For those individuals who died during 1999-2003 and had ICD-10 codes listed for the underlying cause of death, we recoded the ICD-10 codes as ICD-9 codes and then classified the cases into complex chronic condition categories.
We were able to make 2 assessments of these classification procedures using the 1996 Multiple Cause of Death File, which was prepared for public use by the National Center for Health Statistics, in order to contain for each decedent both ICD-9 and ICD-10 codes for the underlying cause of death and up to 15 additional secondary diagnoses. 35 Using this file, we first assessed the adequacy of using only the single ICD-9 code listed as the underlying cause of death to classify cases. Compared with using all available primary and secondary cause of death codes, the single underlying cause of death detected 96% of the decedents with complex chronic condition−related deaths. Given this high level of detection, we performed all analyses using the underlying cause of death ICD code as the basis of classification of a decedent's complex chronic condition status. Next, we compared for each decedent in the 1996 Multiple Cause of Death File the complex chronic condition assignment based on the ICD-9 and ICD-10 underlying cause of death codes, with 99% agreement of the assignment to 1 of the 9 specific complex chronic condition categories.
Statistical Analyses
All analyses were conducted using Stata/MP 9.2 statistical software (StataCorp, College Station, Tex). First, the absolute counts and proportions of deaths that occurred at the sites of interest were examined and tested for trends using univariate logistic regression, regressing the occurrence of home death on the year of death and examining the significance of the coefficient for the year of death, which we modeled as a continuous variable.
Next, a multivariable logistic regression model was constructed with selection of covariates based on the authors' prior research, 31 specified a priori to include year of death, age at death, sex, race, Hispanic ethnicity, type of complex chronic condition (using malignancy as the referent), and geographic location of the home (using the Northeast as the referent). The final model demonstrated a pseudo-R 2 value of 0.16 and a C statistic of 0.78. To determine the significance of interactions between specific states and race and ethnicity characteristics on the odds of death occurring at home, we used the likelihood ratio test of nested reduced models with and without the interaction terms.
Graphic depictions of data for the 1989-2003 interval represent either annual counts of decedents who died at the specified sites or the proportions of deaths occurring at home, with lines and 95% confidence intervals fitted using fractional polynomials that can model in a nonlinear manner the proportion of deaths at home for each of the specified stratifying variables. PϽ.05 was set a priori as the level of statistical significance.
RESULTS
Of the 896 509 deaths that occurred during infancy, childhood, or adolescence in the United States between 1989 and 2003, 22.1% (N=198 160) were attributed primarily to an underlying complex chronic condition. Of these complex chronic condition−related deaths, 55% occurred in males, 57% were younger than 1 year of age, and 76% were white. Overall, 82% of children died in the hospital and 15% died in the home setting (TABLE 1) . Ninetytwo percent of infants aged younger than 1 year died in the hospital, whereas 70% of children and adolescents aged 1 to 19 years died in the hospital. Among infants, the predominant cause of death was cardiovascular conditions (32%), followed by congenital or genetic (26%), respiratory (17%), and neuromuscular (14%) conditions. In the older age categories, the leading cause of death was malignancy (43%), followed by neuromuscular (23%) and cardiovascular (17%) conditions.
Over the 15-year observation period, while the number of deaths attributed to complex chronic conditions declined (in keeping with an overall decline in the total number and rate of pediatric deaths 36 ), the number of deaths occurring at home remained steady for infants (456 home deaths in 1989 to 469 in 2003; The racial and ethnic disparities regarding the percentage of deaths among decedents with complex chronic conditions were evident across the entire study interval (FIGURE 4) . Overall among infants, children, and adolescents the percentage of white nonHispanic decedents who died at home increased from 13.0% in 1989 to 22.5% 
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The dots represent the percentage of deaths that occurred at home each year. The curved lines represent the temporal trend in the percentage of deaths that occurred at home as estimated by the best fitting fractional polynomial model, which also estimated the 95% confidence intervals indicated by the shaded areas. To illustrate in absolute terms the geographic differences and racial and ethnic disparities previously noted, we examined the percentage of home deaths occurring during the 5-year interval between 1999 and 2003 in the 5 states with the most complex chronic condition−associated deaths, focusing on 3 paradigmatic cases: infants with congenital/genetic conditions; 1-to 9-year-old children with malignancy; and 10-to 19-year-old children and adolescents with neuromuscular conditions (FIGURE 5). Stratifying by the race and ethnicity of the decedents, significant variation in the percentages of home deaths exists both within states and between states (PϽ.001 for tests regarding both state-level differences and for interactions between specific states and race/ethnicity). For instance, among white non-Hispanic infants dying in Texas with a congenital/genetic condition, 14.1% died at home, while among comparable white Hispanic and black non-Hispanic infants, only 8.9% and 7.4% died at home, respectively. In contrast to the typical pattern of home deaths being less common among black and Hispanic individuals, Florida children and adolescents aged 10 to 19 years who died of neuromuscular conditions did so at home more often if they were black non-Hispanic (45.8%) than if they were white Hispanic (40.0%) or white non-Hispanic (36.8%) children and adolescents (P =.04).
COMMENT
Between 1989 and 2003 across the United States, the place of death shifted from predominantly the hospital increasingly toward the home setting among children whose deaths were attributed to a complex chronic condition. Among this group, which comprised one fifth of all pediatric deaths, significant racial and ethnic disparities were observed in the likelihood of death occurring at home, with these differences persisting even after adjustment for decedents' age, sex, complex chronic condition type, geographic location, and the overall temporal trend.
Before considering the implications of the shift in the place of death toward home, the racial and ethnic disparities, and implications regarding both the structure and equity of pediatric chronic and end-of-life care, the strengths and weaknesses of this study warrant consideration. Three characteristics of the findings support the strength of this study. First, the principal results of this national study accord with a previous study that was limited to only Washington State from 1980 to 1998. 31 Second, the overall pat- 
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The dots represent the percentage of deaths that occurred at home each year. The curved lines represent the temporal trend in the percentage of deaths that occurred at home as estimated by the best fitting fractional polynomial model, which also estimated the 95% confidence intervals indicated by the shaded areas.
tern of the findings, an increasing proportion of deaths due to chronic illness occurring at home with notable differences across racial and ethnic groups, is similar to what has been noted for adults. 22, 27 Third, the magnitude of the temporal trends and the racial and ethnic disparities regarding where children die are not only statistically significant but substantial and pronounced.
Two limitations may have influenced the detailed precision of the results of this study. First, a small proportion of deaths may have been misclassified as being associated (or not associated) with a specific complex chronic condition category because (1) the data source relies on the original death certificates, some of which may have recorded diagnostic information erroneously (a known problem among adult decedents, especially the elderly 37, 38 ); (2) the complex chronic condition classification was based only on the primary underlying cause of death ICD-9 code, which probably resulted in the exclusion of an estimated 4% of deaths associated with complex chronic conditions but which on the death certificate had the complex chronic condition listed only as a secondary cause; and (3) ICD-10 codes were converted into ICD-9 codes (for the years 1999-2003) with an estimated misclassification error of 1%. Second, race or ethnicity may have been misclassified for some decedents due to errors in the original death certificates. A recent community-based study of adults, however, found 97% agreement between race and ethnicity recorded on the death certificate and the decedents' prior selfreported race and ethnicity. 39 Such errors though are unlikely to account for the main finding of the study regarding the increasing percentage over time of complex chronic condition−related deaths occurring at home or to have introduced significant bias into the age-, race-, or ethnicity-specific associations that were observed in this study.
What might explain a greater proportion of children with complex chronic conditions increasingly dying at home and the likelihood of home death being associated with the child's race or ethnicity? Currently, the mechanisms underlying the observed shift in the place of death are unknown and warrant clarification. First, improvements in the medical management of pediatric complex chronic conditions may be prolonging survival, both increasing the prevalence of children living with life-threatening complex chronic conditions and providing more time for advanced decision making. Similarly, advances in medical technology in the home setting, ranging from gastrostomy feeding tubes to home ventilators, may be enabling an increasing percentage of medically fragile or technologically dependent children to spend longer periods of time living at home; hence, the possibility of dying at home (either foreseen or accidental) has risen. Finally, broad shifts in attitudes and decision-making pro- The dots represent the percentage of deaths that occurred at home each year. The curved lines represent the temporal trend in the percentage of deaths that occurred at home as estimated by the best fitting fractional polynomial model, which also estimated the 95% confidence intervals indicated by the shaded areas.
cesses regarding palliative and end-oflife care in US culture and increasing capacity of the health care system to provide home-based services at the end of life may be affecting treatment for children living with life-threatening conditions. Changes in any of these 3 possible underlying mechanisms may also explain the observed racial and ethnic differences, whereby differential access to health care services or medical technology, divergent cultural attitudes or approaches to palliative and end-of-life care decision making, or differing levels of financial or other support within the patient's or family's social network may make dying at home more or less likely. 27, 40 Considering the findings of this study, several issues require attention. First, methods to monitor the quality and safety Race and Ethnicity
The y-axes differ between the top and lower panels. The blue portion of the y-axes indicate 0% to 20% deaths at home. The confidence intervals (shown as error bars) of percentages are the exact binomial 95% confidence intervals.
of care provided to children with an underlying complex chronic condition who die at home need to be developed, validated, and implemented. Ideally, these methods should be prospective, capable of improving the care of individual children, as well as being tied to quality improvement efforts of all health care organizations that care for children with complex chronic conditions who are residing in their homes. For comparison and improvement in the quality of care across diverse health care systems located in a wide variety of settings, retrospective methods, such as a national mortality follow-back survey with the inclusion of pediatric decedents, are necessary. Second, the capacity of homebased hospice and home nursing agencies to provide care to meet the needs of these pediatric patients for palliative care needs to be assessed and expanded. Finally, as efforts to improve understanding of the sources and remedies of racial and ethnic disparities in pediatric endof-life care are completed, medical and other concerned professionals need to ensure that all patients have access to necessary care and that all dialogue and interactions regarding decisions about carewhether curative, life-extending, or palliative-are built on mutual understanding, trust, and respect.
